Introduction: Anaplastic thyroid carcinoma (ATC) is a rare lethal malignancy. It is one of the most aggressive human malignancies with limited progress in finding effective therapies. Aim: We aimed to study the treatment outcome and prognostic factors of ATC patients treated at our institution. Methods: We retrospectively analyzed charts of 30 ATC patients, treated at the Clinical Oncology Department, AinShams University from 2006 to 2017. The clinical characteristics and factors affecting survival were studied. Kaplan-Meier survival curve was used to analyze the overall survival (OS) of the patients. Results: The median age of patients was 60 years and males represented 63% of them. Almost half of patients (47%) had stage IVA disease. Equal number of patients received combined modality treatment versus single modality treatment (37% each). The median OS was 3 months (95% Confidence interval: 1.429-4.571). Variables associated with significantly better OS in univariate analysis included male sex (p=0.04), stage IVA disease (p=0.012), surgical treatment (p=0.034), radiotherapy (p=0.003), and combined modality treatment (p=0.005). However, only female sex was identified as significant poor prognostic variable of OS (p=0.043) by multivariate analysis. Conclusion: Our results of treatment outcome and prognosis of ATC agree with most of the literature. Multimodality treatment is currently the standard of care. While still there is no successful treatment of this rapidly fatal disease, exploration of novel therapies and approaches are warranted to help improve the outcome.
INTRODUCTION
Anaplastic thyroid cancer (ATC) is the least common but most aggressive and lethal type of thyroid cancer. It accounts for around 0.6 to 9.8% of all thyroid malignancies globally but causes up to 40% of thyroid cancer mortality [1] [2] [3] . The annual incidence of ATC is about 1-2 cases per million 2, 4, 5 . Patients are usually in their 6 th -7 th decade of life 1, 6 . The etiology is unclear, however in up to 80% of patients ATC arises on top of a simultaneous or immediately prior thyroid disease, such as benign long standing goiter or well differentiated thyroid carcinomas 2, 7 . ATC has an extremely poor response to treatment. The median survival time of ATC is about 5 months and less than 20% of patients survive 1 year after diagnosis 7 . Anaplastic thyroid cancer typically has multiple genomic gains and deletions in many chromosomal regions leading to multistep dedifferentiation of thyroid cancers and development and progression of ATC 8, 9 . Early events are mutations of the BRAF and RAS oncogenes in 25% and 28% respectively. Late genetic events include TP53 which is the most common mutation in ATC, PIK3CA and PTEN gene mutations are commonly found in differentiated thyroid cancers indicating that such mutations may be early steps in cancer formation 5, 10, 11 .
Anaplastic thyroid cancer should be treated as a medical emergency due to its aggressive nature 12 . By definition ATC is a stage IV disease which is subdivided into A, B, C according to local and distant metastases 13 . Distant metastases are present at diagnosis in about one third of patients. Common sites of metastases are lung, local lymph nodes, intrathoracic lymph nodes, liver, and brain 13 . Surgery is the cornerstone of management in ATC and is associated with longer overall survival (OS) and progression-free survival (PFS) in stages IVA and IVB. Types of surgery include total thyroidectomy with or without neck dissection, subtotal thyroidectomy, hemithyroidectomy, and debulking 14, 15 . Surgery is followed by adjuvant radiotherapy (RT) and/or chemotherapy for favorable results 4, 11, 14 . The local tumor extent and the general condition of the patient determine the surgical strategy. A good rule of thumb is that stage IVA or stage IVB disease in which grossly negative margins (R1) can be obtained should have a complete resection because it is associated with improved PFS and OS 1, 16 . Complete resection is possible in approximately one-third of patients at presentation. The role of RT in the treatment of ATC has evolved from conventional high dose to altered fractionation RT such as hypofractionation and hyperfractionation based on the rapid doubling time and the relative radioresistance of ATC to a total dose of 45-66 Gy. The radiation treatment volume can be quite large due to the extrathyroid extension leading to significant morbidity especially when concurrent chemotherapy is given. The hyperfractionated regimen had a trend towards longer survival. 3-D Conformal RT (3DCRT) or Intensity Modulated RT (IMRT) did not affect survival or toxicity 17 . The total RT dose seems to be an important prognostic factor, as found by Swaak-Kragten et al where the median OS was 5.4 months for patients treated with a total dose > 40 Gy versus only 1.7 months with doses < 40 Gy
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. In their study, Glaser et al showed that survival is better with a RT dose > 59. 4 Gy and that RT is a prognostic factor 19 . The treatment induced significant toxicity must be carefully weighted with the patient's performance, treatment goals, and overall prognosis 5 . Due to the poor prognosis, ATC is treated with multimodality treatment. Some studies showed that multimodality treatment improved the 1-year survival to 70% for stages IVA and resectable stage IVB disease, improved 2-year survival of 60%, and 50% surviving more than 2.5 years with a median survival of 5 years 20, 21 . However, ATC has an extremely low cure rate even with the very best treatment which is mostly palliative 22, 23 .
The prognostic factors of ATC are derived from retrospective studies. Sugitani et al identified age and limited tumor size which is associated with higher tumor resectability as prognostic variables 24 . Liu et al reported that tumor size < 4 cm, distant spread, surgical resection, RT and residual tumor were independent factors of prognosis of ATC patients who underwent treatment 16 . A large, multicenter Japanese study also identified age ≥ 70 years, presence of acute symptoms, leucocytosis, tumor size >5 cm, T4B tumor, and distant metastasis as poor prognostic indicators of survival.
We aimed to retrospectively study the treatment outcome and prognostic factors of ATC patients treated at our institution.
METHODS
We retrospectively examined the charts of 30 patients with confirmed diagnosed of ATC treated at the Clinical Oncology Department, Ain-Shams University between 2006 and 2017. The treatment protocol of ATC at our department follows that of the American Thyroid Association ATA. The charts of 3/30 patients had incomplete data. The work-up included Computed tomography of the neck and chest and routine blood work. Computed tomography of the abdomen was performed in 2/30 of the patients where it showed liver metastases. The American Joint Committee on Cancer staging manual (7 th edition) was used for TNM staging 25 .
Surgery was the first type of treatment in most of the patients. Types of surgery included debulking, total thyroidectomy with neck dissection when possible, and subtotal thyroidectomy. Post-operative external beam RT was administered in some of the patients. The RT volume included the anterior half of the neck and upper 5 cm of the mediastinum. The patients were planned using 2-D or 3-D planning system. Conventional fractionation was used and the total dose was 50 to 66 Gy over 5 weeks. Chemotherapy was given alone (as single agent or combined regimen) or before RT or surgery. The commonly used drugs based on the American Thyroid Association guidelines summary of trials were doxorubicin, cisplatin, carboplatin, dacarbazine, and paclitaxel 10 . The Response Evaluation Criteria in Solid Tumors (RECIST) criteria were used to assess response. The Eastern Cooperative Oncology Group (ECOG) performance scale was used to assess performance status at presentation.
The Statistical Package for Social Science (IBM SPSS) version 20 was used for statistical analysis. Overall survival was calculated from the date of diagnosis, which is the date of biopsy until the date of death or last follow-up. Kaplan-Meier was used to determine the survival distribution of patients and the statistical significance of differences was evaluated using the log-rank test. Cox regression analysis was used to study the effect of clinical factors and different treatment modalities on survival. The confidence interval was set to 95% and the margin of error accepted was set to 5%. So, the p-value was considered significant if < 0.05.
RESULTS
The clinical characteristics of the patients are summarized in table 1. To make a histopathological diagnosis, fine needle aspiration biopsy was performed in 22 (73.3%) patients and true cut biopsy in 8 (26.7%). There were more male than female patients (2:1 ratio) and the mean age of all patients was 56 years. Only one patient had history of well differentiated thyroid carcinoma. At presentation, 10 (33.3%) patients presented with lung metastases and 2 (6.7%) with liver metastases.
Twenty-two (73.3%) patients received at least one form of treatment (table 2) . Eleven (36.7%) patients received single modality treatment and an equal number received combined modality treatment. Five patients did not receive treatment due to sudden death as a result of carotid artery invasion, refusal of treatment, stroke, and respiratory failure. Three patients had incomplete file data. Surgery was performed in 14 (46.7%) patients. Total and subtotal thyroidectomies with or without neck dissection was done in 9 (64.3%) of these 14 patients.
Fourteen (46.7%) patients received RT including postoperative adjuvant RT in 8 patients, definitive RT in 5, and definitive RT combined with chemotherapy in 1. The 2-D RT total dose ranged from 40 to 50 Gy in 6 (42.9%) of them and the 3-D RT dose from 60 to 66 Gy in 8 (57.1%). Thirteen (43.3%) patients refused or discontinued RT due to deteriorating condition or death.
Chemotherapy was given to 7 patients as follows; single modality palliative chemotherapy in 2 stage IVC patients, combined surgery and chemotherapy in 2 stage IVC patients, combined surgery, chemotherapy and radiotherapy in 2 patients, and as a radiosensitizer (adriamycin) in 1 stage IVA patient. Combined chemotherapy regimens included doxorubicin / dacarbazine and taxol / carboplatin. Number of cycles ranged from 4 to 6 cycles. Chemotherapy was the main treatment of metastatic ATC whether as a single modality or combined with surgery. Table 3 shows summary of treatment by stage of ATC. By the end of treatment, 19 patients achieved partial response (PR), while the disease progressed in 3. During follow-up, 2 (6.7%) stage IVA patients who achieved PR for 3 months then became metastatic to the lung, had tracheostomy and were kept on best supportive care due to the poor performance status. After a median follow-up duration of 3 months, the median OS was 3 months (95% Confidence Interval: 1.43-4.57) ( figure 1 a) . By the end of the study, 20 (66.7%) patients died due to the disease. 
DISCUSSION
Anaplastic thyroid carcinoma is a lethal disease with an OS of around 6 to 8 months. To date, most of data about this "orphan disease" has been obtained from single-institution studies with limited numbers of patients 26 . Due to its rarity and heterogeneity, it is difficult to draw conclusion for definitive treatment strategies 27 . The current standard of care for these patients is largely multimodal and palliative 5 . This study presented the treatment outcome and prognosis of ATC patients at a single Egyptian institution. The patients and tumor had similar characteristics to what is described in the literature. ATC is a disease of the elderly. The median age of the patients was 60 years less than the median age 69 years reported by Lim et al study 26 .
Although most of the series demonstrated female predominance 1, 4, 22 , our study reflected more male patients similar to reports by Lowe et al 28 and Remick et al 29 which documented high male to female patients' ratio. Female gender was identified by Roche et al as a poor prognostic factor 30 . In agreement, we demonstrated better survival of males compared to females (p=0.043).
Although we believe that it is necessary to have tumor tissue for the correct identification of ATC, most of the patients (73.3%) had a fine needle aspiration biopsy to make a diagnosis. Us-Krasoveck et al reported 113 patients with ATC; 107 (94.7%) of them were diagnosed by fine needle aspiration biopsy, and 96 out of these 107 patients were correctly diagnosed as anaplastic cancer 31 . One of the features of ATC is the aggressive invasion of the thyroid capsule, adjacent structures, early lymph nodes and distant spread. In this study, there was a small number of patients with invaded recurrent laryngeal nerve (5/30 patients), trachea (5/30 patients), and strap muscles (4/30 patients), contrary to Liu et al where 31/50 patients had invasion of the surrounding structures 16 . The incidence of metastases at presentation was 40% which is less than that in the study by Aslan et al (55%, 16/29) where 8 patients presented with metastases and 8 patients developed it shortly after 27 . Our incidence of metastases was also lower than that reported by Venkatesh et al (53%) who included a larger number of patients (n=121) 32 . The lung was most common site of metastases (30%) similar to McIver et al study (42%) 22 . Stage IVA represents around 2-15% of ATC; however, in our study it was the most common stage (46.7%). Total thyroidectomy with a central and lateral neck dissection is recommended in both stages IVA and IVB disease. Preoperative RT may be used to downstage locally unresectable tumor to allow complete gross resection. In stage IVC ATC palliative resection is . The significance of surgical resection is controversial since most ATC patients are unresectable at diagnosis; that is why it is difficult to assess the benefits of surgical resection without introducing selection bias 22 . However, most studies reported that curative resection significantly affected survival 4, 14, 22, 34 . In accordance, we demonstrated that surgery significantly improved survival (p=0.034) only by univariate analysis. Pierie et al treated 44 out of 67 ATC patients surgically and reported 1 and 3 year OS rates of 92% and 83%, respectively after complete resection; 35% and 0%, respectively, after debulking; and 4% and 0%, respectively, after no resection 35 . In the current study surgery was carried out in 46.7% of the patients whether as single treatment or combined with other modality. The most common type of surgery was subtotal thyroidectomy followed by total thyroidectomy with node dissection and debulking.
Radiotherapy should be initiated urgently after securing and maintaining patent upper airway, usually within 2-3 weeks after surgery due to the rapid recurrence after surgery 5 . Radiotherapy is a part of potentially curative (stages IVA and IVB) or palliative intent (stage IVC) multimodality treatment and is associated with good local control. Bahtia et al reported the outcome of 31 ATC patients treated with curative intent 3DCRT or IMRT combined with chemotherapy 36 . For the whole group, the median dose was 55 Gy (range 4-70 GY) and for the 13 patients who were irradiated using IMRT it was 60 Gy (range 39.9-69.0 Gy). The 1-year OS was 29% for definitively irradiated patients. The authors concluded that doses > 50 Gy if tolerated lead to better outcomes since there is no standard RT dose. Half of our cohort received RT as a single modality, as an adjuvant following surgery or in combination with chemotherapy as a radiosensitizer. We used dose ranges similar to the literature, total dose 40-50 Gy for 2-D RT and 60-66 Gy for 3DCRT. We found that RT significantly improved OS by univariate analysis (p=0.003), but this was not confirmed by multivariate analysis. In agreement with our results, Aslan et al confirmed that RT with or without chemotherapy, improved survival (p= 0.04) 27 . The authors also showed that postoperative RT dose > 33.1 Gy led to better survival (p=0.04). Liu et al recommended postoperative RT doses of 40 Gy in stage IVA and IVB disease and also palliative doses in stage IVC to improve the quality of life 16 . Toxicity can be a limiting factor with RT because concurrent chemotherapy is often used, and the large RT volume that includes a significant part of the larynx and cervical esophagus 5 . Kim and Leeper observed high incidence of pharyngoesophagitis and tracheitis in their series 17 . Wong et al also reported skin changes, esophageal toxicity, and radiation myelopathy 37 . We did not look at treatment toxicity in this study.
Anaplastic thyroid carcinoma is not a very chemosensitive tumor. It is controversial whether chemotherapy can prolong the survival time and improve prognosis 38 . Chemotherapy has been studied in small retrospective studies in the neoadjuvant setting to downstage unresectable tumors 39 . In the series by Higashiyama et al, 9 patients with stage IVB received neoadjuvant weekly paclitaxel and had a response rate of 33% 38 . Four patients became amenable to curative intent surgery and adjuvant therapy and were alive and disease free at 32 months. Adjuvant chemotherapy as a single modality is of uncertain benefit; however adjuvant chemotherapy with RT is effective for obtaining favorable outcomes 4, 14 . Similar to adjuvant RT, adjuvant chemotherapy should be started within 2-3 weeks after surgery 6 . In patients with non-metastatic ATC with good performance status adjuvant chemotherapy should be added to RT after R0 or R1 thyroidectomy but at the expense of increased toxicity 4, 14 . Kumar et al studied the multimodal aggressive approach to ATC, which included R0 and/or R1 performed in the majority of patients, followed by radiosensitizing chemotherapy administered with 66 Gy IMRT 39 . The radiosensitizing chemotherapy was continued as adjuvant chemotherapy for as long as tolerated by the patients. The median OS was 22.4 months for the entire cohort which consisted mostly of stage IVB disease. Doxorubicin is the most widely used agent as a radiosensitizer. Doxorubicin in a weekly low dose administered as radiosensitizer had a 2-year local control rate of 68% and median survival time of 1 year 40 . In advanced stage IVC anaplastic thyroid carcinoma no chemotherapy or targeted therapy has been shown to be potentially curative or to improve survival rates 39 . Taxanes, doxorubicin, and platins have shown activity as a single or combined agents with response rates ranging from 15% to 25% 41 . The combined RT and chemotherapy regimens with doxorubicin with or without taxanes or cisplatin combined with RT have shown the most promising results 19, 42 . In the current study, chemotherapy was administered to few patients (n=7) and did not influence OS. Chemotherapy was mainly administered to patients with stage IVC (as a single definitive treatment in 2 patients and as a combined modality in 4) who all achieved PR except for one patient who had disease progression, while only one stage IVA patient developed PR. Single agents included doxorubicin or dacarbazine, while combination chemotherapy regimens included taxol/carboplatin or doxorubicin/dacarbazine for 4-6 cycles. The impact of single-modality palliative chemotherapy on survival of patients with stage IVC is unclear.
Multimodality treatment is the current standard treatment of ATC due to its aggressive nature. Multimodality treatment was not a prognostic factor in the study by Kihara et al 43 and McIver et al 22 . Similarly, in the present study multimodality treatment improved the OS by univariate analysis (p=0.005), but not with multivariate analysis. Our results were in contrast to De Crevoisier et al 44 who treated 30 patients with ATC with combined modality therapy resulting in 1-year survival of 46% and a 3-year survival of 27%, which was slightly better than results of most other studies. Lim et al retrospectively reviewed medical records of 13 ATC patients treated with multimodality therapy 26 . The median PFS was 2.8 months, and the median OS was 3.8 months similar to our survival results. Our data agree with the literature where the OS of combined modality was 4.2 months, compared to single modality which resulted in OS of 2.5 months. None of our patients completed one year survival due to the relatively large number of stage IVC patients at presentation in addition to the 2 patients who developed distant metastases later on.
The median OS reported in the current study was 3 months which is less than the 3.9 months median OS of 100 patients reported by Akaishi et al 12 , but similar to the 2.8 median OS of 13 patients studied by Lim et al 26 . Several studies have examined the factors affecting prognosis in patients with ATC. The prognostic factors include patient age, tumor size, and clinical stage which should be considered when evaluating patients for treatment 12 . Univariate and multivariate analyses of factors affecting survival by Kihara et al showed that complete surgery was an independent prognostic factor 43 . Other reports also found that complete resection was associated with longer survival compared to incomplete surgery or biopsy 14, 16 . Sun et al reported on treatment and prognosis of 60 patients diagnosed with ATC 14 . Univariate analysis revealed that age, white blood cell count, platelet count, distant metastases, clinical stage, chemotherapy, RT, and therapeutic regimen significantly affected the prognosis of patients with ATC, while surgery did not influence survival. Multivariate analysis, identified white blood cell count, surgery, and post-operative RT as independent prognostic factors in ATC patients. According to Glaser et al, age and tumor size may be prognostic factors in ATC patients 19 . Our results did not identify sex, stage, surgery or RT as significant predictors of survival by multivariate analysis.
New clinical trials investigate the role of targeted therapy to improve the survival rates or quality of life of advanced ATC patients. Molecular targeted therapy trials in ATC have studied BRAF-directed agents, mTOR inhibitors, multikinase inhibitors (MKIs). Sorafenib is a MKI approved by the United States Food and Drug Administration (FDA) for advanced thyroid cancer 45 . Lenvatinib is currently approved for treatment of differentiated thyroid cancer in the United States and is approved for all subtypes of thyroid cancer in Japan 5 .
Conclusion
Our findings agree with the literature as regards the characteristics of patients, prognostic factors, type of treatment and its outcome. To the best of our knowledge this is the only report on anaplastic thyroid carcinoma from Egypt. We identified sex as one of the important factors influencing survival, but we could not confirm the role of stage, surgery, and multiple modality treatment in improving OS. To date, in stages IVA and IVB multimodality treatment improves local control and appears to achieve better survival outcome. In stage IVC extensive surgical resections do not improve survival, and priority should be given to quality of life. These patients should be offered enrollment in clinical trials whenever possible.
